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Synopsis

Reliability design of maritime structures based on the deformation level will be one of the most
important future design tools. However, it has not been fully applied to actual design since it is very
difficult to take the various design condition into account. The present paper points out on the basis of the
experimental results, the influences of the state of wave-dissipating blocks on the wave pressures at
several cross sections of a breakwater, and the stochastic characteristics of obtained data was examined.

The main conclusions of this paper are as follows:

1) The covering condition of wave-dissipating blocks makes a significant influence of the wave pressure
acting on the block layer. The impulsive wave pressure is easily exerted when the crown height of
wave-dissipating block layer become lower than the sea level. The maximum wave pressure becomes 3 or
more times larger than that in case without any dissipating block layer.

2) When the impulsive wave breaking is generated, wave pressure p; on the still water level becomes
proportional to the square of the wave height.

3) When the wave period is long, the influences of state of covered blocks are decreased.

4) The condition for generating the impulsive wave pressure and the amplified ratio of wave pressure by
breaking is influenced by the cross section of breakwater as well as the volume of block |ayer.

5) The coefficient of amplification factor of wave pressure is about 0.1 when it agrees to the reference
value used for Monte Carlo simulation at completely covered breakwater. However, at incomplete
wave-dissipating block layer, the coefficient of amplification factor isincreased about 0.3 to 0.5.

Key Words: wave-dissipating blocks, incomplete covered, wave pressure, probability distribution of
wave pressure

* Member of Maritime Structures Division, Marine Environment and Engineering Department
** Senior Researcher, Maritime Structures Division, Marine Environment and Engineering Department
*** Head of Maritime Structures Division, Marine Environment and Engineering Department
3-1-1 Nagase, Yokosuka, 239-0826 Japan
Phone +81-46-844-5043 Fax +81-46-842-7846 e-mail:seki-k@pari.go.jp



w w w w
A W N -

N

(1994)
(2000)

10
12
14

15
15
17
18

19

20

20

21
21



(1998 2006)

(
C )
-1 2 2008 11 7
(
-1 1994 2008)
« -2
( 1995
1997)
(1970)
(1994)
(2000) 2.

3

(1994)

(2008 11 28 ) (2008 11 28 )



(1994)

(2000)

2.1 (1994)
(1994)

-1 (1994)

Pi

1 *
p = E(l +¢os 9)(/110:1 + ha cos? Q)NOH D

2
47h

_ b
sinh @
Lp

a = max(az,oq )

a; =0.6+0.5

Ho Y
_ ( dJ d 2d
a, =mins| 1—— ,

h, 3 Hp
o =a,,a,
Ho H<2d
a,,=9 d
2 H >2d
cos o
2 5,<0
cosh &,
o, = 1
9,>0
cosh &, (cosh &, )** ’
5 = 206, 4, <0
" 156, 5, >0
4.96,, 6, <0
0, =
36, 6y >0

(M

@

3)

@)

®)

()

(7

©

8, = 0.93[5—“”— 0.12J + 0.36(%— 0.6) (10)

D

B —
Sp = —0.36(L—M—O.12J + 0.93(%—0.6)

D

14 A Ay
HD I-D

5H1/3 BM

(1994) d By

an



o
-2
(d/h=0.2) 0.1<d/h<0.3
H=27.84cm, T=2.0s, h=0.59m
2 I
F P,
18— — — -a, f
Folm——- % //
1.6 o /
S 14 :
5
$12
5 1
< /
2 08 /
0.6
0.4
0.2 _
O A" TR L I Y L - T T N} i
0.8 0.6 0.4 0.2 0 0.2
d/h
-2
( 0.59m 27.84cm 2.0s)
2.2 (2000)
(2000) 1999 9 24
9918
( -3 )

LIRS h

AR TS h]/

-3

(2000)

(105m

)

.| H
T A
hg: he
3.
3.1
@
105m 105m 3m 2.5m
-4
4 0.8m
2m
2 ( -5
case01)
5@ -5(b)
5 I 777
e Tore TR owes—awez j = 7
[ T
B ow o // il
7 7
(el ~—
e



1550

case 1
/ case 2

270

b case 3
case 4

590
430

ase s
Ly, scase s
%,

160

200 ﬂ 350

1350 m

-5(a)

WG 4

950

unit: mm

1550 F

270

case 7

590
430

case 9 %
case 10

-5(b)
case00 -1
-1(b)
1/25
@
-2
2.0s 3.0s 4.0s
10.0s 15.0s 20.0s
1.8kg 30t
Kp Kp
10
105m
( -3 WG6)
200
100
2 200

100

-1(a)

*case00
case h [m] h. [m] d [m] By [m]
00 0.59 0.27 0.43 “1.35 0
01 0.59 0.27 -0.27 0.29 232
02 0.59 0.27 -0.15 0.44 216
03 0.59 0.27 -0.04 0.59 191
04 059 0.27 0.08 0.75 157
05 0.59 0.27 0.19 0.90 107
06 0.59 0.27 0.29 1.03 72
-1(b)
*case00
case h [m] he [m] d[m] By [m]
00 0.59 0.27 043 “1.35 0
01 0.59 0.27 -0.27 0.29 232
07 0.59 0.27 -0.27 0.14 195
08 059 0.27 -0.27 0.00 163
09 0.59 0.27 -0.18 0.00 137
10 0.59 0.27 -0.09 0.00 115
-2
Kp
h [m] H [cm] T [s] H/h M=1.8kg |
7.70 2.00 0.13 0.10
10.82 2.00 0.18 0.29
13.99 2.00 0.24 0.63
18.49 2.00 0.31 145
22.39 2.00 0.38 2.57
27.84 2.00 0.47 4.94
32.44 2.00 0.55 7.82
1251 3.00 0.21 0.45
059 18.83 3.00 0.32 153
' 24.02 3.00 041 3.17
30.14 3.00 0.51 6.27
36.34 3.00 0.62 10.99
4.48 4.00 0.08 0.02
8.33 4.00 0.14 0.13
13.12 4.00 0.22 0.52
20.05 4.00 0.34 1.84
26.23 4.00 0.44 413
36.39 4.00 0.62 11.03
(©)
6 ( -4 )
4 2 6 ( -5() (b)
) 1000Hz
3.2




-6 27.84cm 2.0s
-6(a)

-6(b)

(caseOl1)

(
0.59m case(03

case(2

case04 case06

PkNm’] P [kNm’] P[kNm] P [kNm] P[kNm] P [kN/m’]

P [kN/m?]

(case00)

-6(a))

15
10
. case 00
o 03 Tot/T
15
10
case 01
s
B e
o Y Tot/T
15
10
case 02
s
s S
¢ 05 TotT
15
10
. case 03
e AU N—
o o5 ToUT
15 |
10
L case 04
s R S —
o o5 ToUT
15
10
. IL case 05
o 05 Tot/T
15
10
L case 06
s
° 03 Tot/T

-6(a)
(H=27.84cm T=2.0s

case 00

TotUT

case 01

ToUT

case 07

ToUT

case 08

ToUT

case 09

ToUT

case 10

0.5

-6(b)
(H=27.84cm  T=2.0s

ToUT

-11 -

P [kN/m’] P [kN/m’] P[kN/m’] P[KkNm] P[kNm] P [kNm’]

P [kN/m?]

P [kN/m’]

KN/m’]

PNm] P

P [kN/m’]

!

/m

P [kN

4.0s

1.5

case 00
s TotT
case 01
TotT
case 02
o To T
case 03
0.5 Lo T
case 04
e ————
0.5 Lo T
case 05
P r———— |
0.5 Lo T
case 06
uT

-7(a)

(H=30.14cm T=3.0s

.o

case 00

05

TotT

case 01

T

05

Lo

case 07

TotT

case 08

TotT

case 09

05

TotT

case 10

-7(b)

05

(H=30.14cm T=3.0s

casel0

30.14cm

3.0s

TotT

( -6(b))

-7 -8
-8 26.23cm



P [kNm'] P [kNm’] P [kNm’]

P [kN/m’]

E «
Z 3
= 2
a 1
0

P [kN/m’]

P [kN/m’]

P [kN/m’]

P [kN/m’]

P [kN/m’] P [kN/m’] P [kN/m’] P [kN/m’]

case 00

10T

case 01

1o UT

case 02

05

10T

case 03

YT

05

1.0

case 04

R

oz=172"1z2

YT

05

1.0

case 05

-

YT

1.0

case 06

i

-8(a)
(H=26.23cm T=4.0s

10T

case 00

70T

case 01

YT

.o

case 07

uT

.o

case 08

TotT

case 09

TotUT

case 10

uT

-8(b)
(H=26.23cm T=4.0s

3.3

oz=1

100

-10

2.0s

A

6z=0.5

1.0(A,=0)

0z

0

.o

<

0z

)\1:0.8

-12-

-9(a)

B
/
oB=B'/B
-9(b)
S.W.L. 0.59m, T=2.0s
5r .
4.5 —
4 L
35
A
3
25
2
L}
1.5
19 ——4
==
0.5 > —
0 ]
0 0.25 0.5 0.75 1
8z=7Z1z

-10

2.0s




H=7.70cm, T=2.0s
45 —4A—— H=10.82cm, T=2.0s
.99cm, T=2.0s
4 A H=27.84cm, T=2.
—w—— H=32.44cm, T=2.0s
—— — — Shiomi et al.(1994) H=27.84cm,T=2.0s
35
S u
3 -
<
25
2 A
15 L
» B BN
1F = —
0.5
%8 0.6 0.4 0.2 0 02 -04
dh
-11
2.0s
S.W.L. 0.59m, T=2.0s
5
—F&—— H=7.70cm T=2.0s
H=10.82cm T=2.0s
4.5 —%—— H=13.99cm T=2.0s
H=18.49cm T=2.0s
H=22.39cm T=2.0s
4 —&—— H=27.84cm T=2.0s
H=32.44cm T=2.0s
35
3
A
<
25
2
y 8
5
1.5 = o= P
- ——
1 R
1
0.5 ~
0 J
0 0.25 05 0.75 1
3B=B'/B
-12
2.0s
7.7cm  10.82cm
1.2 1.5
A=3 (
3 )
-11 (1994)
-2 27.84cm 2.0s

-13 -

5 | | |
H=12.51cm, T=3.0s
45 — & H=18.83cm, T=3.0s | =
: H=24.02cm, T=3.0s
—&— H=30.14cm, T=3.0s
2 H=36.34cm, T=3.0s |
35F
3
25
2
15
1 =
0.5
0

0 01 02 03 04 0(55 06 07 08 09
z

-13

3.0s

5

—8— H=12.51cm, T=3.0s

H=18.83cm, T=3.0s

4.5 — < H=24.02cm, T=3.0s

H=30.14cm, T=3.0s

H=36.34cm, T=3.0s
4
3.5
3
25
2
15

=

1 —~
0.5
0

0 0.25 0.5 0.75
3B=B'/B
-14
3.0s
(1994)

(1994)



1992)
5 I I T
H=4.48cm, T=4.0s
4.5 —4&—— H=8.33cm, T=4.0s | __|
H=13.12cm, T=4.0s
——<—— H=20.05cm, T=4.0s
4 —m—— H=26.23cm, T=4.0s | |
3.5
3
25
2
15 — L
—F— »rf:%h::::h%/ —
1= =
0.5
0

0 01 02 03 04 0(55 06 07 08 0.9
z

1

-15
4.0s
5 —
—H8—— H=4.48cm, T=4.0s
H=8.33cm, T=4.0s
4.5 ———— H=13.12cm, T=4.0s
H=20.05cm, T=4.0s

4 —&—— H=26.23cm, T=4.0s
35

3
2.5

2
15 — - -

1
0.5

0 J

0 0.25 0.5 0.75
B=B'/B
-16
4.0s

1981

-14-

-12

-10

case08(

-13 14

3.4

@

4.0s

-11
B
case04( -10
(
-12 6B=0.57
1.5
3.0s
d
« )

6z=0.5

(

(6B)
)
)
-15 16
-14 16)
(

-17



10
9F * > A T=20s standing [~
n A T=2.0s impact
F > T=3.0s standing
8 4 »  T=30simpact |-
- > & T=4.0s standing
F * T=4.0s impact
= &
I *
T 6F >
£ °f .
5F
o & r 4
a4k S A
o o . A A
3 > x 2
F o> |, A
2 S ey
r O b0 A
B SR 0 E S N
F iBEea ey BA T 8
oL [T ! L1 ! ! L
0 0.1 0.2 0.3 0.4
B, /L
-17
«C ) (
@
A
-18(a)
-18(b)
0 1
0.6 0.7
0.6 0.7
0.2

F | | |
o A T=2.0s standing
09F— a4  T=20simpact
o > T=3.0s standing
S
0.8 F| e T=a0simpact
0.7 F
£06 f * » » » »
T Y y A A A la A
o5k > > >
3 A N N N N A
b * > »
0.4 I 4 ry ry A & A
ook § 2 t| % k%
3 3
0.2 3 N % % N % N
3 &® & & & & &®
01 P o <
0 :\ Ll Ll Ll Ll Ll Ll Ll Ll Ll Ll
0 01 02 03 04 05 06 07 08 09 1
-18(a)
1 o T=2.0s standing
r m T=20simpact
- v T=3.0s standing
0.9 v T=3.0simpact
F & T=4.0s standing
- * T=4.0s impact
0.8 |-
0.7F
< 0.6 : * * * 4
T o o [ n .
0.5 F |
F o n n .
F o o
0.4 F i 2
F < <
03F ) | w
g & |8 2 :
0.2 F 5 5] 5] i
r € =] & ]
0.1 F S S
ob b b b b b bl
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
AA
-18(b)
(1983)
4.1

-15 -



F [ [
[ |—8— case00 A
35 [ | —&—— case01 —m
b |—%— case02 -
| | —<—— case 03 A
|- | —®—— case 04
3F]—a— case0s —— \)77
I |—v— case06 "
S « P
I 25 =
S r
Q r
:_é 2 : il
F 7
15F
I .éh —— v v | e
r —1 S | -
1 F ~ T
05F
ok I
0 5 10 15 20 25 30 35
H‘ [em]
-19
2.0s
4r I I
[ |—=— case00
35 [ | —4— caseO01 2 3
P L] —=— caseo07 /V
[ | —— case08
|- |—v—— case09
3| —e— case10 v
T 25F
5 r
: /
r A
| 2F %Z - %iff
15k : - =
5 ~
4
r 2\\3: i e
1F R L=
F —= 1
05
00 5 10 15 20 25 30 35
H‘ [em]
-20
2.0s
-19 2.0s
(pgH»)
case0l case(2
case03 case06
2
*
a ae( (6))

- 16 -

PradPOH;

PradPOH,

‘i \ \
[ |—&— case00
[ |—=2&—— case01
3.5
I |—— case02
[ |—<—— case03
||| —®—— case 04
3| —a— case0s
|| —»—— case06
25
2 f =
L Sy
o s |
15
1 g =—
05
ok
0 5 10 15 20 25 30 35 40
H‘ [em]
-21
308
4r I I
[ |—=— case00
35 [ |—4— caseO01
| |—®— case07
[ | —— case08
- |—v— case09
3| —e— case10
25F
2F
15F
1F
05
ok
0 5 10 15 20 25 30 35 40
H‘ [em]
-22
3.0s
i I I
[ |—&— case00
| |—24—— case01
3.5
|| —v—— case02
[ |—<—— case03
|| | —®— case 04
3| —a— case0s
I |—¥—— case06
25F x
I A
r ]
2f
E 7
15
1f
05F =
ok
0 5 10 15 20 25 30 35 40
H‘ [em]
-23
4.0s



i \ \
[ |—8&— case00
] Bt
[ | —A—— case08
|- | —»—— case 09
3 —e— casel0
I 25 g
2 F »
& of
1.5f
oo, "
I a7 -~ = | =
r oA |
05 B =
00’ 5 10 15 20 25 30 35 40
H‘ [em]
=24
4.0s
-20
case09,casel0
1.3 2.0
=21 22 3.0s -23 24
4.0s
-21 3.0s case04
case05 2
2.0s
2.0s
4.2
-25 2.0s -26
-19
case04
case05
2.0

-17 -

‘ir \
[ |[—=— case00
[ | —=&—— case 01
35
| ——%—— case 02
[ |—<—— case03
| | —®—— case 04
3| —a— caseo05
I |—v—— case 06
25
=) r
ReY r
) 2 F
15
r /I>\\\\
; i e
1F == : 74
N o
05 /
I & | o
o — a1
0 - - ) —— |
0 10 15 20 25 30 35
HI [em]
-25
2.0s
1 |
F|—5— case0o
09 —a— case01
[ |—v— case02
0.8 —<—— case 03
" |—=— case04
I | ——— case 05
0.7 -~ v case 06
0.6 F al
@ F
05F a
r /A Dy .
04 . o *
- /[ [ | > - N
03F ; s
0.2 F ==
F |
o AN o T - =N
0.1 g = —— —
ok |
0 10 15 20 25 30 35
HI [em]
-26
2.0s
0.1 03 0.5
0.1 ( ,2006)
03 05
=27
-28



ir ! ! 1 I I
[ | —&— case 00 [ |——=— case00
35 [ | —=2—— case0l 0.9 —=a—— case01
| | —=—— case07 F|—<— case02
[ | —A—— case08 0.8 —<—— case 03
- | —%—— case 09 I | —=—— case 04
3F|—e— case10 I |—A— case05
F 0.7 v case 06
-25 E - d
3%°F osf
< F = F
©” 2F 0.5 F
o : u
15F 04F t T
r F o |
r - 03F
1 r
r v L /N
I | e 0.2
| — : . 7 -
o | A g L
.5 - — —
r A = f;ZEiﬁ"—(* 01 F '¥ . E—— ———
ok = A A A oE i il |
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35 40
HI [cm] H‘ [em]
27 -29
2.0s 3.0s
. 1F I I
F ‘ F | —s— case00
[ | —8—— case 00 091 —a— case01
0.9 | —=a— case01 [ |—®—— case07
I |—=— case07 08| —*— case08
0.8 || —— case08 " |—%— case09
| —w— case09 IF | —e—— case10
I | —&—— case 10 0.7F
0.7 | o
E 0.6 F
0.6 F 2 a
E 0.5 F
05 o o
g 04f .
0.4 | F A -
F 03F
03 - » s
g L T 02f
0.2 E x 1y F
o1k g | = 0.1F — =
.. F — - —
r oL P |
oL | 0 10 15 20 25 30 35 40
0 5 15 20 25 30 35 H  [em]
Hi [em] !
-30
-28
3.0s
2.0s
100
02 03
-29 -30 4.0s
-31
-23 -24
-32 27.84cm 2.0s
4.0s -30
case01 case02 3
0.6 ( )
case04
case01
case01 case02
1994
4.3 (1994)
0.8
case04

- 18-



5 case 01, S.W.L.=0.59m, T=2.0s, H=27.84cm

0. Shiomi Pt al.(1994) | O
exp.
0.8 o ~B o naas

Pro= 2.430kN/m’
- G = 0.278kN/m’

0.4

1.5 10
(1994)
0.4 100
(1994)

0.35

0.3

Probability

0.25

0.2

\
|
T
\
|
T
\
\
\
[
i
\
[
\
\
\

|
0.15 / \

0.1 f

. . m‘/’m‘ . \mu . . . |

15 2 25

0.05

OrrTTT
e
o

-33 ( -32(a)
26.23cm 4.0s) 2.0s (case01)

case 02, S.W.L.=0.59m, T=2.0s, H=27.84cm

Shioni et al.(1994)

O exp.

— normal dis.

0.45 — 2
Pro= 2.817kN/m’

G = 0.365kN/m’

(1994) 1.0 15

0.4

0.35

0.3

Probability

0.25

e
‘\‘rfgm—AAAu—g

0.15 !

0.1 A

0.05 1

[
|
0.2 1
\
!
\
\
\
\
|

OrrTTT
=]
2]
P
=
2]
N
N
2]

1 -32(b)
Case02

(1994) 0.5 250 04 8:W.L.=0.59m, T-2.05, H=21.84cm

F Shiomi et al.(1994) 0O eo
2) 2 - -2
0.45 |

o= 9.687kN/m’
G = 3.753kN/m’

0.4

0.35

3)

0.3

Probability

0.25

0.2
4) 0.15 E

5) o

Case04

-19 -



6)
(2pgH)

D)
0.1

03 05

2009 4 21

-20-

Probability

Probability

Probability

1 case 01, S.W.L.=0.59m, T=4.0s, H=26.23cm

0.9

Shiomi et al|(1994) O

Xp.
ormal dis.

0.8

339kN/m”
ol= 0.158kN/m”

0.7

0.6

\
|
i
o
;
\
i
‘\
|

0.5

0.4

0.3

0.2

0.1

o TT 1T

1 case 02, S.W.L.=0.59m, T=4.0s, H=26.23cm

(case01)

0.9

Shidmi et al.(1994)

0.8

Plo= 2.776kN/m’
ol= 0.457kN/m’

0.7

0.6

05

0.4

0.3

0.2

5 case 04, S.W.L.=0.59m, T=4.0s, H=26.23cm

Case02

0.4

Shiopni et al.(1994)

P}
o|= 2.492kN/m’

0.3

0.2

0.1

T e S S D NI

Case04



(1970)
17
pp.205-210
(2008)
430p
1995
42 pp.901-905.
1997
2 - -
44 pp-961-965.
(1998)
37 3 pp.3-30
2006
45 3 pp-3-24
1998
- 45 pp-821-825.
(1983)
22 4 pp.3-32
(1992)
39 pp.676-680.
2000 9918
No.973 50p
(1994)
No.785 36p

1981

221 -

20

(
(2000)

hy SHi3

Wo=p9

2

pp.3-40



48 3 (2009.9)

* * % * %%k

(1975)

(2008)

NOWT-PARI  Ver5.3

* k%

239-0826 3-1-1
046-844-5042 Fax 046-841-3888 e-mail:hirayama@pari.go.jp

-23-



CONTENTS

1. Influence on Wave Pressures of Wave-Dissipating Block state on Breakwater with Wave-Dissipating Block Layer

Model



